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[1]
effective force [2, 3]
effective force $0$
2
$\partial_{\tau}^{2}r-\partial_{\sigma}^{2}r=(\partial_{\tau}r+\partial_{\sigma}r)\cross B$ , (1)
$J$ $B=J\cross r$ $J$
$r=(X, Y, Z)$ $\tau$ $\sigma$
$J$
Lorentz










$(D_{\tau}^{2}-D_{\sigma}^{2}+1)f\cdot q^{*}=0$ , (3)
$(D_{\tau}-D_{\sigma})^{2}f \cdot f-\frac{1}{2}q^{*}q=0$
$X={\rm Re}(_{7}^{q}),$ $Y={\rm Im}(_{7}^{q})$ ,
(4)
$Z=\sigma+2(\partial_{\tau}-\partial_{\sigma})\ln f$
$f$ $q$ $D_{\tau}$ $D_{\sigma}$ $*$
(3) 1
$q=e^{\eta},$ $f=1+b^{2}e^{2\eta}$



















$q=e^{\eta_{1}}+e^{\eta_{2}}+c_{1^{2}}e^{\eta_{1}+\eta i+\eta_{2}}+c_{2^{2}}e^{\eta_{1}+\eta_{2}+\eta_{2}^{*}}$ , (5)
$f=1+b_{1}^{2}e^{\eta_{1}+\eta_{1}^{*}}+b_{12}^{*2}e^{\eta_{1}^{*}+\eta_{2}}+b_{12}^{2}e^{\eta_{1}+\eta_{2}^{*}}+b_{2}^{2}e^{\eta_{2}+\eta_{2}^{*}}+d_{12}^{2}e^{\eta_{1}+\eta i+\eta_{2}+\eta_{2}^{*}}$ (6)
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2 (5) (6) z-x
$\Omega$ $0$ $v$ $-v$
3
( )
( 1) ( )





















$v^{2}[v\sinh 2\gamma v\tau-\beta(\tau)]e^{8\gamma\sigma}-2[v\beta(\tau)\sinh 2\gamma v\tau+\beta(\tau)^{2}-2v^{4}]e^{6\gamma\sigma}$
$-6[v^{3}\sinh 2\gamma v\tau]e^{4\gamma\sigma}-[v\beta(\tau)\sinh 2\gamma v\tau-\beta(\tau)^{2}+2v^{4}]e^{2\gamma\sigma}$
$+v^{2}[v\sinh 2\gamma v\tau-\beta(\tau)]=0$ (7)
4
$e^{2\gamma v\tau}$ $0$ 1
$\sigma_{n}(n=1,2)$ soliton$-1$ $\sigma_{1}$ ,
soliton-2 $\sigma_{2\prime}$ $\sigma_{1}\approx v\tau$ $\sigma_{2}\approx-v\tau$
$(\tauarrow-\infty)$ $\tau-\sigma$ soliton-l
$e^{2\gamma\sigma_{1}} \approx\frac{v^{2}[1+2(1-v)\cos\theta_{12}e^{2\gamma v\tau}]e^{2\gamma v\tau}}{1+2(1-v)(2+v)\cos\theta_{12}e^{2\gamma v\tau}}$ (8)
soliton-2
$e^{2\gamma\sigma_{2}} \approx\frac{1+2(1+v)(2-v)\cos\theta_{12}e^{2\gamma v\tau}}{v^{2}[1+2(1+v)\cos\theta_{12}e^{2\gamma v\tau}]e^{2\gamma v\tau}}$ (9)
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$(\tauarrow+\infty)$ soliton-l
$e^{2\gamma\sigma_{1}} \approx\frac{1+2(1-v)(2+v)\cos\theta_{12}e^{-2\gamma v\tau}}{v^{2}[1+2(1-v)\cos\theta_{12}e^{-2\gamma v\tau}]e^{-2\gamma v\tau}}$ , (10)
soliton-2




$P_{z}= \int_{-\infty}^{+\infty}\dot{Z}d\sigma$ ( $\tau$ ) soliton-l soliton-2
$P_{1z}=4\gamma(1+v)v$ , $P_{2z}=-4\gamma(1-v)v$
$\pm v$ soliton-l soliton-2




soliton-l soliton-2 (8) (9)
(12) $m_{1}$ $m_{2}$ $p_{n}=m_{n}\dot{\sigma}_{n},$ $(n=1,2)$
$p_{n}=\mathcal{F}_{n}$
$\mathcal{F}_{n}$
$\mathcal{F}_{1}=m_{1}\ddot{\sigma}_{1}\approx-\frac{16\gamma^{2}v^{2}(1+v)(1-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}{1+4(1-v)(3+v)\cos\theta_{12}e^{2\gamma v\tau}}$ , (13)
$\mathcal{F}_{2}=m_{2}\ddot{\sigma}_{2}\approx\frac{16\gamma^{2}v^{2}(1-v)(1-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}{1+4(1+v)(3-v)\cos\theta_{12}e^{2\gamma v\tau}}$ (14)
$\cos\theta_{12}=1$ $\mathcal{F}_{1}<0,$ $\mathcal{F}_{2}>0$ $\cos\theta_{12}=-1$
$\mathcal{F}_{1}>0,$ $\mathcal{F}_{2}<0$
soliton-l soliton-2 (10) (11) $m_{1}$
$m_{2}$ $\mathcal{F}_{n}(n=1,2)$
$\mathcal{F}_{1}=m_{1}\ddot{\sigma}_{1}\approx\frac{16\gamma^{2}v^{2}(1+v)(1-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}{1+4(1-v)(3+v)\cos\theta_{12}e^{-2\gamma v\tau}}$ , (15)











$L= \frac{1}{2}m_{1}(\rho)\dot{\sigma}_{1^{2}}+\frac{1}{2}m_{2}(\rho)\dot{\sigma}_{2^{2}}-V(\rho)$ , (17)
$L= \frac{1}{2}m_{1}\dot{\sigma}_{1^{2}}+\dot{\sigma}_{1}A_{12}(\rho)+\frac{1}{2}m_{2}\dot{\sigma}_{2^{2}}+\dot{\sigma}_{2}A_{21}(\rho)-V(\rho)$ , (18)
(17) (18)
(18) $A_{nm}(n, m=1,2, n\neq m)$
$V$ $A_{12}$ soliton-2 $\sigma_{1}$ $A_{21}$
soliton-l $\sigma_{2}$
(18) $S= \int d\tau L$









$\Sigma\approx\frac{v}{4\gamma}\ln\frac{v^{4}(1+4\cos\theta_{12}e^{2\gamma v\tau})e^{4\gamma v\tau}}{1+4(2-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}$ , (21)
$\rho\approx\frac{1}{2\gamma}\ln\frac{1+4(2-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}{v^{4}(1+4\cos\theta_{12}e^{2\gamma v\tau})e^{4\gamma v\tau}}$ (22)
$\Sigma\approx-\frac{v}{4\gamma}\ln\frac{v^{4}(1+4\cos\theta_{12}e^{-2\gamma v\tau})e^{-4\gamma v\tau}}{1+4(2-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}$, (23)




$\xi=v^{-2}e^{-2\gamma\rho}$ , $\xi=v^{-2}e^{2\gamma\rho}$ $\xi$




$e^{-2\gamma v\tau} \approx\frac{v^{4}e^{2\gamma\rho}}{v^{2}e^{\gamma\rho}+2(1-v^{2})\cos\theta_{12}}$ , (26)
$e^{2\gamma v\tau} \approx\frac{v^{4}e^{-2\gamma\rho}}{v^{2}e^{-\gamma\rho}+2(1-v^{2})\cos\theta_{12}}$ (27)
(21) $\sim(24)$
$\dot{\Sigma}\approx\frac{v^{2}[1+2(5-v^{2})\cos\theta_{12}e^{2\gamma v\tau}]}{1+4(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}$ , (28)
$\dot{\rho}\approx\frac{-2v[1+2(5-v^{2})\cos\theta_{12}e^{2\gamma v\tau}]}{1+4(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}$ , (29)
$\Sigma\approx\frac{-4\gamma v^{3}(1-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}{[1+4(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}]^{2}}$ , (30)
$\ddot{\rho}\approx\frac{8\gamma v^{2}(1-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}{[1+4(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}]^{2}}$ (31)
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$M \Sigma\approx\frac{16v^{2}\cos\theta_{12}e^{2\gamma v\tau}}{[1+4(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}]^{2}}+\frac{1+2(5-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}{1+4(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}\frac{d}{d\rho}(A_{12}+A_{21})=0$ (32)
(19)
$\frac{d}{d\rho}(A_{12}+A_{21})\approx\frac{-16v^{2}\cos\theta_{12}e^{2\gamma v\tau}}{[1+2(5-v^{2})\cos\theta_{12}e^{2\gamma v\tau}][1+4(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}]}$ , (33)
$\mu\ddot{\rho}\approx\frac{16v^{2}\cos\theta_{12}e^{2\gamma v\tau}}{1+4(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}-\frac{dV}{d\rho}$ (34)
(2O)
$\frac{dV}{d\rho}\approx\frac{-16v^{2}\cos\theta_{12}e^{2\gamma v\tau}}{[1+4(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}]^{2}}$ (35)
(29) $\rho$ $\tau$ (26)
$A_{12}+A_{21} \approx\frac{4\cos\theta_{12}[v^{2}+2(1-v^{2})\cos\theta_{12}e^{-\gamma\rho}]}{\gamma v^{2}[v^{2}e^{\gamma\rho}+4(3-v^{2})\cos\theta_{12}]}$ ,
$V \approx\frac{16\cos\theta_{12}[v^{2}e^{\gamma\rho}+2(1-v^{2})\cos\theta_{12}]}{[v^{2}e^{\gamma\rho}+4(3-v^{2})\cos\theta_{12}]^{2}}$
$\dot{\Sigma}\approx\frac{v^{2}[1+2(5-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}]}{1+4(3-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}$, (36)
$\dot{\rho}\approx\frac{-2v[1+2(5-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}]}{1+4(3-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}$, (37)
$.. \approx\frac{4\gamma v^{3}(1-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}{[1+4(3-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}]^{2}}$ , (38)
$.. \approx\frac{-8\gamma v^{2}(1-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}{[1+4(3-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}]^{2}}$ (39)
(19) (20)













$\iota\backslash _{\text{ }}\cos\theta_{12}=1$ $V$ ( ) $\cos\theta_{12}=-1$
soliton-2 $\cos\theta_{12}=1$
$v^{2}$ $|v|$
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